RESULTS

AND DISCUSSION
After stretching cardiac myocytes for 20 mm as described before (3) at high levels for more than 60 mm and returned to basal levels at 120 mm ( Fig. 2A, B) . This time course of activation of SAPKs is different from that of ERKs, which phosphorylate the carboxy-terminal DNA binding domain but not the amino-terminal stimulatory sites of c-Jun (15). The activation of ERKs was more rapid and transient (Fig. 2B) . The increase in activity of ERKs by stretch was detected from as early as 2 mm, peaked at 8 mm, and returned to basal levels within 60
mm. The increase in activity of SAPKs was proportional to the stretch. When the silicone dish was stretched by 10-30%, the increase in the activity was detected from Phosphorylation of GST-c-Jun protein was assayed by incubating the gel with [y-32P]ATP. After incubation, the gel was washed, dried, and then subjected to autoradiography. 
10% stretch
and maximum activation was observed at 30% stretch (Fig. 3) . The stretch-degree dependency had also been observed in c-fos gene expression and in the activation of ERK 1 and 2 (3, 5) .
The activation of ERKs by myocyte stretch is in part dependent on secreted All (7-9). We have tested whether activation of SAPKs by stretch also depends on All by using the All receptor-specific antagonists salarasin (antagonist for all, types 1 and 2, All receptors), CV-1 1974 (All type 1 receptor-specific antagonist), and PD-123319 (All type 2 receptor-specific antagonist). These All receptor antagonists did not significantly inhibit stretch-induced activation of SAPKs, suggesting that unlike (Fig. 4) . Because
All receptor antagonists did not completely block the stretch-induced activation of ERKs (8, 9), factors other than All are likely to be involved in the activation of ERKs and these factors may also induce activation of SAPKs.
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Su et al. (17) GST-c-Jun (1-79) - either treatment (Fig. 5) . In contrast, the activation of ERK1 and 2 by stretch is markedly (30-60%) inhibited by PKC down-regulation or Ca2 chelation (5 6A) . Slight expression of the c-jun gene was observed in the unstimulated cardiac myocytes, and mRNA levels of c-jun were strikingly increased by stretch. The increase in c-jun mRNA levels was first observed at 20 mm (data not shown), peaked at 30-60 mm, and returned to basal levels at 120 mm after stretch (Fig. 6B) 
